[Abstract] Glycosaminoglycans (GAGs) including chondroitin sulfate (CS), dermatan sulfate (DS), heparin (HP), heparan sulfate (HS) and keratan sulfate (KS) are linear, sulfated repeating disaccharide sequences containing hexosamine and uronic acid (or galactose in the case of KS). Recently, a keratan sulfate (KS) disaccharide [GlcNAc6S(β1-3)Galactose(β1-]-branched CS-E was identified from the clam species M. chinensis. Here, we report the isolation protocol for KS-branched CS from M. chinensis.
The other GAG types HS and HEP are consisted of sulfated repeating disaccharide sequence of Nacetyl-D-glucosamine (GlcNAc) and GlcA/IdoA. KS is composed of sulfated repeating disaccharide sequences of GlcNAc and galactose. Among them, structural variations of CS, such as sulfation patterns and fucosylation, depend on the species and tissue of origin. For example, the A-unit with the structure [-4)GlcA(β1-3)GalNAc4S(β1-] (where S designates a sulfonate residue) is a predominant disaccharide found in mammalian or chicken tracheal cartilage CS, while the C-unit with the structure [-4)GlcA(β1-3)GalNAc6S(β1-] is a major disaccharide found in shark cartilage or salmon nasal cartilage CS. In contrast, a significant amount of the D-unit disaccharide [-4)GlcA2S(β1-3)GalNAc6S(β1-] is characteristically found in CS isolated from shark cartilage, while the E-unit disaccharide [-4)GlcA(β1-3)GalNAc4S,6S(β1-] is characteristic in squid cartilage. In sea cucumber, a sulfated fucose branches at the 3-OH position of GlcA. The disaccharide composition of CS governs its biological activities, including cell proliferation, migration, differentiation, cell-cell crosstalk, adhesion and wound repair through the interaction with growth factors, receptors, and other CS-binding proteins. Evidence suggests that CS structure is tightly correlated with function. For example, consecutive and disulfated disaccharide units including B, D and E-units in CS are critical for the interaction between CS and binding proteins (Hikino et al., 2003) . A branched fucose at the 3-OH position of GlcA is also required for the anticoagulant activity of fucosylated CS (Mourão et al., 1996) .
In general, isolation of GAGs is carried out as follows. 1) acetone defatting, 2) proteolysis, 3) collection of the GAGs, 4) fractionation of GAGs by anion-exchange chromatography and 5) desalting (Maccari et al., 2015) . In our protocol, actinase E from Streptomyces griseus (step 2) and cetylpyridinium chloride precipitation (step 3) were used for the isolation of GAGs.
www.bio-protocol.org/e2441 2. To digest the core proteins, dissolve the defatted sample in 120 ml of Tris acetate buffer (pH 8.0) (see Recipes) containing actinase E in an Erlenmeyer flask and maintain for 18 h at 45 °C with shaking at 100 rpm.
3. Add 600 ml of NaOH buffer (see Recipes) to the sample and leave to stand at 4 °C for 18 h. 7. Collect the GAG-CPC complex by centrifugation at 10,000 x g for 15 min at 4 °C and discard the supernatant.
8. Transfer the precipitate (GAG-CPC complex) into a new conical tube using a stainless steel spoon (180 mm). To remove CPC from GAG-CPC complex, resuspend the precipitate in 4 ml of 2.5 M NaCl using a 1,000 μl pipette. Centrifuge the solution at 10,000 x g for 15 min at 4 °C and transfer the GAG-containing supernatant into a new conical tube.
9. Suspend with 11 volumes of 85% ethanol and store at 4 °C for 16 h. After incubation, collect crude GAGs by centrifugation at 10,000 x g for 15 min at 4 °C and remove the supernatant.
Dissolve the precipitate with 10 ml of distilled water.
10. Transfer the supernatant fluid (dissolved precipitate) into a dialysis membrane (MWCO: 3,500)
and dialyze it against 2 L of distilled water in a polypropylene beaker (3 L) with a stir bar at room temperature for 16 h to remove excess NaCl from crude GAGs. Distilled water is changed 5 times during dialysis.
